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TBEaTEMPERATURE  R3LATI0K3HIPS  WHICH  PRODUCE 
HOT  AIR  BURKS  0?  HUMAN  SX2N 


‘1.  PROJECT:  No.  14  -  Methods  of  Protection  Against  Plash  Burns  -  Sup¬ 
plemental  Report  on  Time-temperature  Relationships  which  Produce  Hot  Air 
Berne  of  Human  Skin/ 

a.  Authority  -  lot  Ind.,  Headquarters.  Armored  Gourmand.  700.2/1 
(20  Sept.  45)  GKOHD  to  Letter  400.112/6  WOOL  (25  Sept.  43). 

b.  Purpose  -  To  obtain  fundamental  data  useful  in  appraising  the 
danger  to  crew  members  from  fires  in  tanks. 

2.  DISCUSSION: 

A  flash  burn  may  be  produced  by  exposure  of  the  skin  to  very  hot 
gases  even  though  the  duration  of  contact  is  extremely  short.  Temperatures 
causing  flash  burns  are  estimated  to  be  in  the  neighborhood  of  1500^0" with 
.  an  exposure  time  of  0.01  seconds  or  less.  Such  flashes  may  be  encountered  in 
tanks.  From  available  reports  it  seems  that  the  initial  flash  is  followed 
by  a  short  period  before  general  conflagration  starts — if  it  does  start. 

Once  started,  if  not  put  tinder  ccntrol,  the  tank  fire  increases  the  air  temp¬ 
erature  to  values  of  10GQ°Fand  above  in  a  few  seconds.  In  order  to  obtain 
a  clearer  understanding  of  the  problem  it  seemed  desirable  to  know  the  time- 
temperature  relationship  necessary  to  produce  incipient  and  moderately  severe 
burns  from  hot  gases  of  temperatures  under  1500°C7  These  data  were  obtained 
experimentally  by  a  procedure  described^  herein  Mad~er» -reported - in  graphic 
•  form  in  ?ig»-l.  * 

"  3.  CONCLUSIONS: 

a.  The  time-temperature  relationship  necessary  for  hot  air,  at 
temperatures  between  100°C  (212PF)  and  500°C  (932°F)  to  produce  first  or 
.  second  degree  burns  on  human  forearms  are  as  shown  in  Fig.  1.  The  time  - 
.  temperature  relationship  for  first  degree  burns  may  ba  expressed  by  the  formula: 
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relatively  low  temperature  range  testod  is  quite  short  in  comparison  with 
observed  tank  evacuation  times,  continued  vigilance  must  be  maintained  to 
protect  tank  crews  by  providing  adequate  fire-fighting  equipment,  by  insist 
ing  on  use  of  proper  clothing,  protective  cream,  and  by  ensuring  adequate, 
easily-opened  exits* 
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d.  Third-degree  burns  (charring)  were  not  studied. 
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e.  Teape^tures  above  560°C  (approx*  IOOCPf)  were  net  studied  because 
exposure  tinea  of  leas  than  0*06  aeconda  are  required  to  burn.  This  is  leas 
than  the  beat  of  human  reaction  tinea  for  all  movements  except  the  e;ye-lida 
(0.05  see.)  and  exposures  to  such  temperatures  will  always  bum  unprotected 
akin  before  the  exposed  part  can  be  withdrawn. 
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APPENDIX  B 


Hot  air  burns  were  produced  at  controlled  temperatures  and  for  controlled 
short  periods  bf  time.  The  air  used  to  produce  the  bums  was  heated  in  a 
Fisher  superheater— a  bronze  casting  6"  z  2-3/4“  x  3/4“ .  Heat  was  supplied 
and  controlled  by  two  gas-air  burners,  one  above  and  the  other  below  the  super¬ 
heater.  %  adjusting  the  burners  it  was  possible  to  maintain  any  desired 
temperature  within  a  range  of  10C°C  to  5GQ°C.  The  flow  of  the  air  passed 
through  the  superheater  was  maintained  at  6  liters  per  minute.  Preliminary 
trials  showed  that  at  this  rate  a  maximum  temperature  was  obtained  with  a  given 
abount  of  beat.  The  outlet  tube  of  the  superheater  was  1  cm.  in  diameter  and 
was  partially  projected  through  a  lj"  diameter  hole  in  a  double  transits  wail 
mounted  on  the  edge  of  a  table.  A  sliding  shutter  mounted  between  the  transits 
walls  was  attached  to  an  electric  timer.  The  shutter  had  an  oblong  hole  in  it 
that  could  bo  pulled  rapidly  or  slowly  across  the  hols  in  the  double  wall,  thus 
allowing  the  hot  air  to  pass  through  ahd  strike  the  arm  of  the  subject  held 
against  the  wall.  The  shutter-timer  as  semi  ly  would  record  accurately  the  time 
.<  of  exposure  to  within  0.01  second.  The  temperature  of  the  air  was  measured 
fay  an  iron-cons tantan  thermocouple  and  potentiometer  at  the  point  at  which  the 
air  would  hit  the  skin  on  the  subject. 
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